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ADVANTAGE OF RESONANT POWER CONVERSION IN AEROSPACE APPLICATIONS 


Irving G. Hansen 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135 


SUMMARY 

An ultrasonic, sinusoidal aerospace power distribution system is shown 
to have many advantages over other candidate power systems. These advantages 
include light weight, ease of fault clearing, versatility in handling many 
loads including motors, and the capability of production within the limits of 
present technology. Rererences are cited that demonstrate the state of reson- 
ant converter technology and support these conclusions. 


INTRODUCTION 

A resonant power converter may be defined as a switching type of con- 
verter in which energy is simultaneously delivered to the load and stored in a 
resonant inductor-capacitor (LC) circuit. A simplified switched resonant cir- 
cuit is shown in figure 1(b). If the Q of this circuit is greater than 
unity, the current will be sinusoidal and pass through zero. Because the 
switch remains in saturation until the current is near or at zero, minimum 
turnoff energy will be dissipated. Significant advantages are to be gained 
through this low-loss (self-commutated) switching. For example, if transis- 
tors are used as power switches, the self-commutating collector current avoids 
second breakdown and thus removes the reauirement for complex, lossy snubbing 
systems. Once second breakdown is avoided, transistors can be operated at 
substantially higher power levels. Low loss per switch cycle permits a high 
operating freauency for a given efficiency and thus reduces system mass. As 
an example, multikilowatt systems can be built today with specific power den- 
sities of 2 kW/kg. And finally, operating a resonant converter at high fre- 
quency minimizes the energy available to a load fault; this in turn eases the 
switching and protection problems inevitable in large power systems. 


PRESENT CIRCUIT STATUS 

Series-resonant power converters can be broken into two classes: one 

in which the load is placed across the capacitor, and another in which the 
load is taken in series with the resonant elements. The first class of con- 
verter is typified by Mapham's original work (ref. 1) in which a load resistor 
is placed directly across the resonant capacitor (fig. 1(a)). This creates a 
voltage source having low distortion because the capacitor tends to integrate 
any switching discontinuity. Schwarz (ref. 2) describes the second class of 
inverter, wherein the series elements not only provide a current source, but 
also preclude a dc path and thus insure positive commutation (fig. 1(b)). More 
recent work with the voltage class of inverter has been performed by Hewlett 
Packard. In this circuit, field-effect transistors are operated at 200 kHz, 
resulting in an extremely lightweight computer power supply. In the design of 
this inverter, voltage control is achieved by varying the chopping freauency 





and operating the reactive elements as low-pass underdamped filters. The 
rationale for the selection of a resonant converter for this application cen- 
tered on the minimal RFI problems presented by a sinusoidal high frequency 
(ref. 3). Yet another example of a voltage-configured converter using high- 
speed Darlington switches and including some design equations is provided by 
S. R. Babu of General Electric (ref. 4). The second class of converter, with 
its current source characteristics, has been used in applications wherein the 
load was subjected to intermittent shorting. In this converter, silicon- 
controlled rectifier switches were used in a high-frequency, full-bridge con- 
figuration with the control scheme configured in a manner to prevent "latch 
up" of the dc source (refs. 5 and 6). 

A transistorized resonant converter has recently been operated in the 
multikilowatt region by Hughes Research Laboratory (ref. 7). And finally the 
versatility of a resonant power system was demonstrated by its adaptation to a 
bidirectional power converter capable of operation in all four quadrants 
(ref. 8) as a universal link between ac and dc sources. 

All of these recent resonant converters display high efficiency, high 
operating frequency, and light weight. Typically at multikilowatt power 
levels and at operating frequencies above 20 kHz, efficiencies are in the 90 
to 96 percent range and, when advanced components are used, packaged system 
masses of 2 kg/kW are realistic. 


PRESENT POWER COMPONENT STATUS 

The Lewis Research Center has for many years maintained a program of 
power component development. Among these components are 

(1) Transformers delivering 2.5 kW at 20 kHz and weighing less than 
7 lb (0.126 kg/kW). 

(2) Capacitors having current capabilities of 100 A at 40 kHz (75 kVA) 
that have completed full-power vacuum life testing. Even though an eventual 
weight reduction by a factor of 2 is anticipated, the present power density of 
these capacitors is about 0.12 kg/k\AR. 

(3) Transistors with ratings of 500 V and 150 A and fall times of 
0.75 ysec. With suitable derating these transistors will switch in excess of 
25 kW/device at rates of over 20 kHz. As an example, these transistors would 
be capable of controlling a six-phase aircraft starter motor with a rating of 
over 100 kW (125 hp). 

(4) Diodes rated at 1000 V reverse and 1.5 V forward at 50 A with a 
reverse recovery time of 100 nsec. 

These components represent the basic building blocks of a multikilowatt power 
processor and are candidates for further development. 


EXAMPLE OF HIGH-FREQUENCY SYSTEM APPLIED TO AN AIRCRAFT 

The proposed system is an ac (sinusoidal), high-freouency (multi - 
kilohertz) power distribution and control system. The central concept of this 
system is based on a self-commutated resonant power conversion stage, a dis- 
tributed high-freouency power bus, and bidirectional power conversion where 
appropriate. The advantage of a high-freouency sinusoidal power system for 
this application lies in its low mass and great versatility. The versatility 
of such a system is not limited merely to the ease by which voltage levels can 
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be altered; it opens new degrees of design freedom to exploitation. Lower 
frequency waveforms, including dc, can be synthesized from this high-frequency 
carrier, as required, to satisfy user demands. A basic circuitry connection 
to allow this is shown in figure 2(a). In this circuit, switch pairs 1,1' and 
2,2' are operated in such a manner as to perform synchronous rectification of 
the carrier and thus synthesize a lower frequency output. In this respect the 
circuit operates somewhat as a conventional cycloconverter with a high stroke 
count. Actual photographs of a high-freouency (25 kHz) carrier and a syn- 
thesized 400-Hz waveform are shown in figure 2(b). Proper sequence of the 
switch pairs will also allow reverse power flow by chopping a lower frequency 
(including dc) into a higher carrier frequency. This inherent symmetry of the 
high-frequency inversion system is illustrated in the bidirectional implemen- 
tation shown in figure 3. The remarkable system versatility is exploited by 
this configuration, which transforms either ac or dc into either ac or dc 
while allowing power flow in either direction. 

In particular the bidirectional converter can be considered as a uni- 
versal interface between storage, generation, transmission, and user. It 
will allow frequency and power waveforms to be tailored to the load require- 
ments. This enables variable-speed induction motor operation with relatively 
simple circuitry (basically only a synchronous rectifier). Induction motors 
with this simple circuitry can be substituted in many applications for 
samarium-cobalt motors and their massive associated electronics. One con- 
figuration of a bidirectional conversion system is shown in figure 4. In this 
system the rapid response of the various high-freauency sources creates an 
essentially uninterruptible power system. As an example, if 10 sequential 
cycles of a 20-kHz power system were lost, during switchover or failure, only 
500 nsec of energy storage would be required at the load. 

Once a basic circuit control philosophy is established, the control and 
protection circuitry will be common for a large percentage of converters in 
any one system. Under these conditions hybridization of the control and pro- 
tection circuitry becomes practical. This system would allow starting or 
auxiliary powering of the airplane from 60-Hz ground service or powering of 
ground service from an airplane. The latter connection would allow one air- 
plane (or helicopter) to start another at remote locations. 

When fault protection and load switching are considered, an ac distri- 
bution system displays additional merit. The same self-commutating character- 
istics that minimize switching losses greatly simplify current interruption. 
Also in a resonant power converter the energy available to circuit faults is 
limited only to that energy stored in the reactive elements. _ Because of the 
high operating frequency the available fault energy is minimized. Regarding 
electromagnetic interference, a sinusoidal power system operating at high fre- 
quency represents a much "cleaner" source of interference than any equivalent 
power "square wave" chopper system. Therefore much less filtering will be 
required for an ac system than for alternative systems. 


CONCLUSIONS 

Resonant power converter technology has demonstrated significant advan- 
tages over other circuit topologies for multikilowatt power levels. These 
advantages include light weight, high efficiency, high output power capa- 
bility, and minimum electrical interference. Advanced control techniques that 
allow waveform synthesis together with bidirectional energy transfer represent 
an enabling technology for many aerospace applications. As an example the 



present electronics required to operate variable-speed motors from dc sources 
are much larger and heavier than the motor itself. However, by synthesizing a 
variable-frequency multiphase drive from a high-frequency carrier, the elec- 
tronics can be greatly reduced. 


REFERENCES 

1. Mapham, N.: An SCR Inverter With Good Regulation and Sine Wave Output, 

IEEE Trans. Ind. General Appl., vol. IGA-3, no. 2, Mar. /Apr. 1967, 

pp. 176-187. 

2. Schwarz, F. C.: An Improved Method of Resonant Current Pulse Modulation 

For Power Converters. IEEE Trans. Ind. Electron. Control Instrum., vol. 

I EC 1—23 , no. 2, May 1976, pp. 133-141. 

3. Myers, R.; and Peck, R. D.: 200 kHz Power FET Technology in New Modular 

Power Supplies. Hewlett-Packard Journal, vol. 32, no. 8, Aug. 1981, pp. 
3-11. 

4. Babu, S. R.: A Practical Resonant Converter Using High Speed Power 

Darlington Transistors. Proceedings of Fourth Annual International 
Conference. Intertec Communications, Inc., 1982, pp. 122-150. 

5. Biess, J. J.; Inouye, L; and Shank, J.: High Voltage Resonant Inverter 

Ion Engine Screen Supply. Power Electronics Specialists Conference 1974, 
Record. IEEE, 1974, pp. 97-105. 

6. Biess, J. J.; and Frye, R. J.: Electrical Prototype Power Processer for 
30 cm Ion Engine. AIAA Paper 78-684, Apr. 1978. 

7. Robson, R.; and Hancock, D.: A 10-kW Series Resonant Converter Design, 

Transistor Characterization, and Base Drive Optimation. NASA CR-165546, 
1981. 

8. Schwarz, F.C.: Bi-Directional Four Quadrant (BDQ4) Power Converter 

Development. NASA CR-159660, 1979. 


4 









Sn - Transmission line 

(high-frequency distribution) 

Figure 3. - Bidirectional "universal" power conversion. 


Starter- 


generator 
(bidirectional, 
variable speed 
and frequency) 7 



as required) 


High-frequency 
high-voltage bus 


Figure 4. - Bidirectional conversion system configuration. 







1. Report No. 


2. Government Accession No. 


3. Recipient's Catalog No. 


NASA TM-83399 



4. Title and Subtitle 

5, Report Date 

ADVANTAGE OF RESONANT POWER 

CONVERSION IN AEROSPACE 

Mav 1983 

APPLICATIONS 

6. Performing Organization Code 


534-02-22 

7. Authors) 

8. Performing Organization Report No. 

Irving G. Hansen 


E-1676 


10. Work Unit No. 

9. Performing Organization Name and Address 




11. Contract or Grant No. 

National Aeronautics and Space Administration 


Lewis Research Center 


Cleveland, Ohio 44135 

13. Type of Report and Period Covered 

12. Sponsoring Agency Name and Address 

Technical Memorandum 

National Aeronautics and Space Administration 

14. Sponsoring Agency Code 

Washington, D. C. 20546 



15. Supplementary Notes 


16. Abstract 

An ultrasonic, sinusoidal aerospace power distribution system is shown to have 
many advantages over other candidate power systems. These advantages include 
light weight, ease of fault clearing, versatility in handling many loads 
including motors, and the capability of production within the limits of present 
technology. References are cited that demonstrate the state of resonant con- 
verter technology and support these conclusions. 


17. Key Words (Suggested by Author(s)) 

AC aerospace power system 


19. Security Classif. (of this report) 


18. Distribution Statement 


Unclassified - unlimited 
STAR Category 07 


20. Security Classif. (of this page) 


Unclassified 


21. No. of pages 


22. Price* 


*For sale by the National Technical Information Service, Springfield, Virginia 22161 


Unci assified 













National Aeronautics and 
Space Administration 


SPECIAL FOURTH CLASS MAIL 
BOOK 


Washington, D.C. 
20546 

Official Business 

Penalty for Private Use, $300 



Postage and Fees Paid 
National Aeronautics and 
Space Administration 
NASA-451 




POSTMASTER: 


If Undeliverable (Section I SH 
Postal Manual) Do Not Return 



